Objectives: To prospectively study several aspects of ventilated neonates at the neonatal intensive care unit (NICU) of Sri Jayawardenepura General Hospital (SJGH) and compare this data to retrospective data from the same unit. Results: During the study period 135 babies were ventilated. Four were excluded due to severe congenital defects. Seventy two percent were male and 53% had gestational periods of 32 weeks or less. There were 46% very low birth weight (VLBW) babies. In 72% the indication for ventilation was respiratory distress syndrome (RDS). Duration of ventilation was over one week in 34%. Continuous positive airway pressure (CPAP) was the sole mode of ventilation in 33%. Surfactant was used in 53% babies, 96% for RDS. Oxygen for over 2 weeks was required in 17% and 22% received theophylline as respiratory stimulants. Midazolam infusion was used for sedation in 56%. Total parenteral nutrition was started in 56%, 29% received blood transfusions and 65% received volume support or inotropes for hypotension. Complications included seizures (16%), persistent pulmonary hypertension of the newborn (9%), patent ductus arteriosus (8%), pulmonary haemorrhage (7%), retinopathy of prematurity (6%), ___________________________________________
Introduction
NICU of SJGH admits sick and premature neonates from SJGH and accepts ex-utero transfers. It is the training centre in neonatal intensive care. An extensive online literary search using the key words 'ventilated neonate', did not reveal any prospective studies on ventilated neonates anywhere in the world. However, there were retrospective studies 1, 2 . In Sri Lanka, 2 such studies were presented at the 12 th Asia Pacific Congress of Paediatrics 3 and the 6
th Annual Scientific Sessions of the Perinatal Society of Sri Lanka 4 . There are no other Sri Lankan studies on ventilated neonates and the present study was designed to address this deficiency.
Objectives
1. To prospectively study several aspects of ventilated neonates at the NICU, SJGH, such as gender difference, indications for ventilation, type and duration of ventilation, surfactant use, duration of oxygen therapy, use of muscle relaxants and sedation, complications of CPAP and IMV, incidences of ventilator associated pneumonia and colonization of the respiratory tract, other ventilation-related complications, weaning strategy, use of respiratory stimulants, need for re-intubation, use of parenteral nutrition, need for blood transfusion, incidence and treatment of hypotension, mortality, causes of death and short-term morbidity 2. To compare data from the current study with retrospective data from the same unit from 1st July 2000 to 1st July 2001.
Method
A descriptive observational, longitudinal, hospital based prospective study was conducted in NICU, SJGH from 1st July 2009 to 1st July 2010 on all ventilated babies, including ex-utero babies, but excluding babies with severe congenital anomalies. Data were obtained by the first author using a pretested recording form.
Several infection control policies are practised at NICU to minimise nosocomial infections. Hand washing was strictly enforced, a 2 minute hand washing before entering, followed by 20 second hand washing in between patients. Hand washing was done even if an inanimate object was touched before seeing a patient and also before any procedure. No hand accessories were worn by the staff. Clothes were folded above the elbow and a sterile gown and shoes worn prior to entry. Only mothers of admitted babies were allowed inside the NICU. Bacterial filters were used for both inspiratory and expiratory limbs, sterile water was used for the humidification systems, condensed water in the circuits was drained and circuits changed weekly. Disposable sterile suction catheters were used. Sterile needles were used for punctures. Orotracheal rather than nasotracheal tubes were used for intubation. Probes were disinfected. One to one nursing with barrier precautions was used whenever possible.
Period of gestation (POG) was estimated according to mother's obstetric record when supported by an obstetric ultrasound at 15-19 weeks. Otherwise, maturity assessment by the first author according to the new Ballard score was taken as the POG.
Respiratory distress syndrome (RDS) was diagnosed when the following were present within 4 hours of birth: respiratory rate over 60/minute, intercostal/ subcostal/sternal retractions, expiratory grunt and chest x-ray (CXR) having a ground glass appearance with air bronchogram / hazy appearance or white out appearance 5 . Hypoxic ischaemic encephalopathy (HIE) was diagnosed if the following were present: acidaemia, Apgar score 0-3 for over 5 minutes, neurological manifestations and multisystemic organ dysfunction 6 . Persistent pulmonary hypertension of the newborn (PPHN) was diagnosed when an infant with an echocardiographically confirmed structurally normal heart had the following: severe hypoxaemia (PaO 2 <45mmHg), hypoxaemia disproportionate to clinical and CXR findings, acid base abnormalities and a right to left shunt via ductus or foramen ovale 5 . Meconium aspiration syndrome (MAS) was defined as respiratory distress in an infant born through meconium stained amniotic fluid whose symptoms could not be otherwise explained 7 . Sepsis was diagnosed if blood cultures were positive in a baby with suggestive clinical features.
Ventilator associated pneumonia (VAP) was defined as follows: patients mechanically ventilated for 48 or more hours having an abnormal CXR with at least one of the following: new or progressive and persistent infiltrate, consolidation, cavitation and/or pneumatoceles in addition to: worsening gas exchange and at least 3 of the following: temperature instability with no other recognized cause, increased respiratory secretions, increased suctioning requirements, apnoea, tachypnoea, nasal flaring with chest wall retraction or grunting, wheezing, cough and bradycardia (<100 beats/min) or tachycardia (>170 beats/min) 8 . Table 2 . Table 3 . Surfactant was used only as rescue therapy for babies with RDS. Fifty three were given surfactant for persistent or worsening respiratory distress or oxygen requirement exceeding 30% while on CPAP. Eight babies, 32 weeks of gestation or less, who required intubation at birth, were given surfactant as soon as it was available. Eight babies were given surfactant after developing persistent or worsening respiratory distress while on head box oxygen. Mean age of surfactant administration was 9 ± 9.9 hours. Of 66 babies admitted on day one of age, 65 received surfactant within the first 24 hours. The 2 babies receiving surfactant after 24 hours of age were both ex-utero transfers. Table 4 . (10) 18 (90) Outcome in babies receiving CPAP only was significantly better than those receiving IMV only (P<0.0001), CPAP followed by IMV (P=0.003) or IMV followed by CPAP (P=0.035). There was no statistically significant difference whether CPAP was followed by IMV or IMV was followed by CPAP (P=0.406).
Colonisation of trachea without sepsis
Sedation was given to babies seen to breathe against the ventilator and to those who were uncomfortable. Whilst 57 babies did not receive sedation, 54 were given midazolam infusion, 19 also receiving morphine and one also receiving phenobarbitone Muscle relaxants were not used. Only 2 complications were noted during CPAP application. One baby developed nasal irritation and 12 developed feed intolerance.
In 2009/2010, 62 babies required oxygen for less than a week and 8 for over 4 weeks but no baby required oxygen for over 8 weeks. Babies with POG 32 weeks or less required significantly longer periods of oxygen therapy compared to babies with POG over 32 weeks (P=0.048). Two ventilated babies developed pneumothorax. Maximum peak inspiratory pressure (PIP) used in them was 20-22mmHg. There was no association between the occurrence of pneumothorax and the PIP used, in this study population.
Of 88 babies needing invasive ventilation, 24 (27%) needed re-intubation. Re-intubation was required in 6/44 babies ventilated for 0-7 days compared to 18/44 babies ventilated for over one week (P=0.004).
In the 0-7 day group, 5 babies required one reintubation and one required 2. In the over one week group, 11 babies needed one re-intubation and 13 needed 2-6. Significantly more babies in the over one week age group required 2 or more re-intubations compared to the 0-7 day group (P=0.026).
Fifty one babies receiving invasive ventilation were weaned off to nasal CPAP after extubation. Reduction of the pressure was the method used for CPAP weaning. Thirteen babies were extubated and connected to head box oxygen without connecting to CPAP. No baby received endotracheal CPAP. Weaning off to CPAP was the strategy used in a significantly higher number of babies 32 weeks or less POG compared to babies with POG over 32 weeks (P=0.019).
Respiratory stimulants, either oral theophylline or intravenous aminophylline, were given to 29 (22%) babies, 97% of whom had a POG of 32 weeks or less. Complications noted prior to discharge in babies who were ventilated are shown in Table 5 . Table 7 . Cause specific mortality is shown in Table 8 . Of the 107 survivors, 2 babies died after discharge from the NICU. Both were VLBW babies with less than 32 weeks gestation; one died of milk aspiration within a week of discharge and the other died at 2 months of age due to a severe episode of bronchiolitis. They were not included in the outcome figures in Table 6 as corresponding figures were not available for the 2000/2001.
Eight babies (3 with POG <32 weeks, including the 2 deaths) did not attend clinic after discharge. Six were followed up for less than 3 months, one for 3 to 6 months and 92 (86%) till 2 years of age. The 92 included 46 (92%) of 50 babies with POG 32 weeks or less and 46 (78%) of 59 babies with POG over 32 weeks.
Morbidity at the end of 2 years follow up is shown in Table 9 . Eight babies had 2 co-morbidities and 4 had 3 comorbidities. There was no morbidity at 2 years of age in significantly more babies with a POG over 32 weeks compared to babies with POG 32 weeks or less (P<0.0001).
Discussion
A dramatic fall in neonatal mortality occurred in developed countries with the advent of mechanical ventilation and neonatal intensive care 10 . This has been greater for VLBW infants 11 . This is attributed to increased availability of mechanical ventilation, surfactant and TPN 12 and the level of intensive care received 13 . Noninvasive methods provide ventilation without insertion of an ETT. CPAP, the commonest noninvasive mode, applies continuous distending pressure to alveoli throughout the respiratory cycle, maintaining a degree of alveolar inflation during expiration and preventing complete collapse, thus following Laplace law, since a partially inflated alveolus is easier to expand than a fully collapsed one 14 . CPAP may also produce a more regular pattern of breathing in preterm infants by reducing thoracic distortion and stabilizing chest wall, splinting airway and diaphragm, decreasing obstructive apnoea and enhancing surfactant release 14 . In our study CPAP, alone or combined with IMV, was used in 86% ventilated neonates. CPAP can cause abdominal distension and feeding disturbances because of gas flow to the stomach. Nasal prongs or tubes can cause nasal irritation and excoriation. At high pressures, thoracic air leaks can occur and venous return and cardiac output can be impaired 15 . In our study the only complications attributable to CPAP were nasal irritation and feed intolerance.
In IMV breaths are delivered at the rate set by the clinician, irrespective of the baby's breathing efforts. Asynchrony results in inefficiency of gas exchange, gas trapping and air leaks, irregularities in arterial blood pressure, cerebral blood flow velocity and IVH 16 . In SIMV the onset of inspiration of a mechanical breath is timed to the onset of a spontaneous breath if it occurs within a "timing window" 16 . In our study, CPAP was the sole mode of ventilation in 33% and IMV the sole mode in 14%. The outcome in babies receiving CPAP only was significantly better than in those receiving IMV only or in those who received IMV followed by CPAP or CPAP followed by IMV (P<0.05). Of 88 babies needing invasive ventilation, 27% needed reintubation. Longer duration of ventilation and higher number of re-intubations were significantly associated (P<0.05).
Muscle relaxants and sedatives improve synchronization. Use of pancuromium in babies of 26-34 weeks gestation showed that adverse sequelae in the low birth weight ventilated baby was reduced by minimizing periods of non-optimal oxygenation and reducing intracranial pressure 17 . In our study muscle relaxants were not used. Opiates and benzodiazepines are used in ventilated neonates but midazolam has been associated with adverse effects in one study 18 . In our study 54 babies were given midazolam infusion, 19 also receiving morphine and one also receiving phenobarbitone.
Both prophylactic and early surfactant therapy reduce mortality and pulmonary complications in ventilated infants with RDS compared to later selective surfactant administration 19 . A lower threshold (FIO2<0.45) to administer surfactant minimizes air leaks and BPD as well as PDA 19 . In our study surfactant was used as rescue therapy in 69 babies, RDS being the indication in 96%. Therapy was initiated when the baby became distressed while on head box oxygen or on CPAP or had increasing oxygen requirement (FiO2>0.30) while on nasal CPAP. Significantly more babies with POG 32 weeks or less received surfactant compared to babies with POG over 32 weeks (P<0.01).
Of the 107 survivors, 92 (86%) babies, were followed up until 2 years of age. There was no morbidity at 2 years of age in significantly more babies with POG over 32 weeks compared to babies with POG of 32 weeks or less (P<0.0001). 20 and the mortality 50-80% 21 . Risk factors for pulmonary haemorrhage include male sex, prematurity, VLBW, RDS, surfactant use and PDA 22 . Risk factors contributing to the 6 deaths in our study included VLBW (6/6), RDS (6/6) In the 2004 study 3 at General Hospital Matara, common indications for ventilation were: RDS (48%), MAS (33%), asphyxia (21%) and sepsis (15%) and the overall mortality rate 52%. In the 2006 study 4 at Teaching Hospital Peradeniya, common indications for ventilation were: RDS (44%), birth asphyxia (13%), MAS (5%) and sepsis (5%). Overall mortality rate was 42% and the mortality rate for RDS was 34%. In our study common indications for ventilation were: RDS (71%), congenital pneumonia (11%), asphyxia (6%), PPHN (4%), MAS (3%) and sepsis (1%). Overall mortality rate was 20% and mortality rate for RDS 12%.
